cal languages. 3, 6 Although these barriers are universally relevant, they pose particular constraints in low-middleincome countries (LMICs).
E-learning can be developed to complement EBM teaching in the workplace. 7 This can help augment confidence and reduce time and workrelated pressures for clinical tutors. It is also a potentially useful strategy for harmonizing teaching across various languages and clinical settings. 8 Video lectures have been shown to be as effective as equivalent face-to-face EBM sessions in improving knowledge and attitudes. [9] [10] [11] However, teaching EBM is likely to be more successful in changing health care when its principal steps are integrated into daily clinical practice reflected in an improved educational culture. We developed a clinically integrated e-learning EBM course incorporating the World Health Organization (WHO) Reproductive Health Library (RHL) and evaluated the effects of the course on knowledge, skills, and educational environment in comparison with traditional EBM teaching in a group of LMICs.
METHODS
We designed an international cluster randomized trial to compare a clinically integrated e-learning course (experimental intervention) with a selfdirected course (control intervention) in EBM for reproductive health training incorporating the RHL. Seven LMICs (Argentina, Brazil, Democratic Republic of the Congo, India, Philippines, South Africa, and Thailand) participated in the trial between April 2009 and November 2010. The trial was approved by the WHO research ethics review committee (dated July 4, 2008) and by the local ethics review boards of each of the participating institutions. It was prospectively registered.
Using their local knowledge the lead country investigators approached heads of potentially eligible clinical obstetrics and gynecology training units. To be eligible, the unit had to be delivering EBM courses, defined as opportunities to learn about the techniques of EBM and its application in clinical practice, in the unit's residency program. In addition, units had to have at least 4 residents who had not yet been exposed to formal EBM training and who were available for the duration of the trial to undertake the course and the assessments. They also had to appoint a facilitator, a current clinical staff member knowledgeable about basic EBM principles, to facilitate on-the-job training throughout the trial period. Appropriate computer equipment and access to relevant databases was a precondition. We did not collect denominator data for the total numbers of units initially approached.
Informed consent was sought from the heads of training units before randomization to facilitate allocation concealment. There were 60 clusters (4 in Argentina, 19 in Brazil, 2 in Democratic Republic of the Congo, 13 in India, 8 in the Philippines, 7 in South Africa, and 7 in Thailand). The WHO statistical support unit randomized the clusters, stratified by country, by means of computergenerated random numbers into 2 groups: group 1 received the clinically integrated e-learning EBM teaching package (experimental intervention) (31 clusters, 123 participants); group 2 received a self-directed EBM teaching package (control intervention) (29 clusters, 81 participants). Randomization was stratified by country to control for differing resources. Consent was obtained from all individual trainees taking part in the trial after the clusters had been randomized. Facilitators and participants were informed that an educational evaluation was being conducted within their institutions but were not given any details of the trial to minimize the risk of biases arising from knowledge of group allocation.
Interventions and Data Collection
We developed a learner-centered, clinically integrated course designed to facilitate just-in-time learning through onthe-job-training in reproductive health. The course combined e-learning of EBM principles with a specialist library provided in various languages. 7, 8, 12 The elearning modules for experimental intervention consisted of 5 recorded video sessions in which basic EBM knowledge was delivered by a speaker. Questions arising in clinical practice prompted trainees to study these questions. The knowledge acquired through elearning was blended with face-to-face teaching and learning with a clinical trainer. The clinical questions were addressed in formative assignments and signed off by trainers.
The RHL 13 is a specialist database for sexual and reproductive health that contains systematic reviews on highpriority topics in areas such as maternal and perinatal health and family planning, with expert commentaries, educational videos, and other material mainly aimed at clinicians in LMICs. It is regularly updated and disseminated by WHO and is available in a range of languages. The e-learning EBM course particularly complemented the RHL in overcoming the barriers related to provision of clinically relevant evidence in local languages. 6 Learning activities, assignments, and assessments were incorporated in clinical practice to help integrate EBM teaching into actual patient care and to improve workplace culture, as described in detail elsewhere (BOX). 7, 14 The experimental and control interventions both had the same aim and learning objectives. The self-directed learning course (control intervention) consisted of a set of PowerPoint slide presentations made available online from the WHO RHL workshop-based course, with the same learning objectives and with similar content as the e-modules of the experimental intervention. This group also had access to a facilitator who could be consulted whenever necessary. The control course had been provided alongside the RHL for dissemination before the e-learning courses had been developed and had been in use as standard dissemination practice until this trial was launched.
14 Following randomization the courses, data collection tools, and the RHL were provided in local languages: Spanish in Argentina, Portuguese (RHL in Spanish or English) in Brazil, French in the Democratic Republic of the Congo, and English in India, the Philippines, South Africa, and Thailand.
Trainees were enrolled in the trial for a period of 12 weeks. Each trainee, at the start, undertook an assessment of attitudes, knowledge, skills, and educational environment at baseline (precourse) to gain access to the training course materials for 8 weeks. Four weeks after the 8-week course (during which access to the course materials was not possible), trainees were asked to complete the postcourse assessment (same as at baseline). The experimental and control interventions were both delivered in addition to the local teaching programs.
Data were entered online using a database built to minimize the risk of errors with built-in range and consistency checks.
Outcomes
The outcome measures captured the effect of teaching on trainee learning in defined areas of EBM competencies including attitudes, knowledge, and skills. 15 We measured attitudes toward EBM using a validated tool. 16 EBM knowledge and skills were measured by adapting previously validated questionnaires, [16] [17] [18] taking items that mapped to the competencies taught and learned in this trial. Knowledge scores were obtained with multiple-choice questions (score range, 0-62). Gains in EBM skills were evaluated using an objective structured clinical examination administered after course completion only (score range, 0-14).
A new outcome measure for assessing educational environment with respect to evidence-based practice was developed and validated specifically for use in this trial. We considered this outcome measure important because EBM teaching should be about influencing climate in the workplace to facilitate evidence-based practice, not just about imparting knowledge and skills. There were 7 domains in the tool: knowledge and learning materials; learner support; general relationships and support; institutional focus on EBM; education, training, and supervision; EBM application opportunities; and affirmation of EBM environment. Responses to items within each domain were cap-
Box. An Overview of the Clinically Integrated e-Learning Course in Evidence-Based Medicine for Reproductive Health Training

Aim
To familiarize course participants with evidence-based medicine (EBM) basics for incorporating evidence from systematic reviews included in the WHO RHL (CD-ROM/Internet version) into practice
Target Participants
Physicians in training (residents, registrars, postgraduate clinical trainees) in obstetrics and gynecology
Learning Objectives (Competencies)
On completion of the course, participants should be competently able to:
Generate structured questions arising from clinical problems in practice Search relevant literature, identifying systematic reviews from the RHL wherever possible
Assess the quality (validity) of systematic reviews and primary research included within them Assess the applicability of research findings for use in clinical practice
Identify possible barriers when implementing the output from the above activities into clinical practice and apply strategies to overcome these barriers
Learning Resources
A study guide including course outline, learning exercises and assignments using the WHO RHL, and link to videobased e-learning sessions structured in 5 modules: 
Learning and Teaching Methods
Participant-initiated (tutor-supported) learning in a clinical setting. Participants pursue independent study using the study guide and e-learning sessions. Tutors facilitate learning by:
Identifying EBM learning opportunities in a clinical setting Directing participants to appropriate use of learning resources
Providing feedback on learning exercises and assignments
Student-Directed Learning
e-Learning (2-3 hours)
Contact Time
Assignments, feedback, and assessments (total, 20 hours)
Assessments
Feedback on assignments Multiple-choice questions to test attitudes, knowledge, and skills Questionnaire on educational environment (EBMEEM) 
Sample Size
We used information regarding baseline EBM knowledge, possible gains, and intracluster (intraclass) correlation coefficient from our pilot work 8, 12, 14 to inform the sample size and power calculation. With a 2-sided test and an ␣ level of 5%, we needed 60 clusters (training units) to detect a knowledge gain of 10% (expected effect size) in the experimental intervention compared with the control intervention with 80% power, assuming a standard deviation of 15% and an intracluster (intraclass) correlation coefficient of 0.2, expecting a mean cluster size of about 4. The 10% knowledge gain represented a moderate improvement of 4.3 in multiple-choice questions score above the baseline score (43) observed in our previous trial, 12 in which the standard deviation (9.3) was approximately 15% of the maximum possible score (62) on this outcome measurement.
Statistical Analysis
Data for the various outcome measures are presented as means with 95% CIs. Responses to the baseline and postcourse assessments were scored, and comparisons between the 2 intervention groups were made. For evaluating the effect on educational environment, the differences between baseline and postcourse responses were computed on a 5-point Likert scale from 1 (strongly agree) to 5 (strongly disagree). The responses for items within each domain and overall were added up.
Ordinal data were treated as continuous in statistical analysis after testing confirmed that assumptions for parametric data 19 were met. Postintervention scores of the outcomes were compared between intervention groups using a 3-level generalized linear mixed model, with intervention group, time of assessment (baseline or postcourse), and interventionϫtime interaction as fixed effects and cluster and participants as random effects to account for the correlations (clustering within clinical training units and participants) of the data. Mixed-effects models allow the inclusion of all available data, consistent with the intentionto-treat approach. Such models account for correlation within clusters and within participants and are relatively robust to the presence of randomly missing data, rendering imputation routines for missing values unnecessary.
All comparisons were 2-sided and were considered statistically significant at PϽ.05. We determined the importance of size of educational effect observed by dividing the between-group difference by the within-cluster standard deviation and used Cohen guidelines 20 for interpretation, with standardized effect size of 0.2 considered small, 0.5 considered medium, and 0.8 considered large. Stata version 11.0 (StataCorp, College Station, Texas) was used for all analyses.
RESULTS
Of the 60 clinical training units approached and initially randomized, 14 later dropped out (7 in each group) (FIGURE 1). Three clusters in each group declined participation after randomization. The rest either did not respond to further participation and training requests or none of their trainees completed the trial. Of the remaining clusters, 24 (123 trainees) were in the clinically integrated e-learning group and 22 (81 trainees) in the control group. There were 25 trainees that dropped out in the clinically integrated e-learning group and 13 in the control group. Among participating clusters with complete information on knowledge assessments among residents who dropped out, there was no baseline difference between completers (mean score, 38. At baseline the 2 groups were similar in age, year of training, attitudes, and Table 2 ). These gains represented large and moderate effect sizes for knowledge and skills (1.05 and 0.39, respectively). Analyses restricted to knowledge modules showed that there were statistically significant knowledge gains in terms of asking clinical questions (module 1), searching the evidence (module 2), and critical appraisal of systematic reviews (module 3) but not in applicability of evidence to the patient (module 4) and implementation of evidence into practice (module 5) ( Table 2) .
There was no effect on educational environment overall (improvement, 6 
Abbreviations: EBM, evidence-based medicine; IQR, interquartile range. a Attitudinal questions in a validated tool (see "Methods" for details): Q1, original research is confusing; Q2, study design is important in article selection; Q3, evidence-based decision making is "health care by numbers"; Q4, contracts for health care professionals should include time taken away from patient care for reading and appraising the literature; Q5, I am confident that I can assess research evidence; Q6, systematic reviews play a key role in informing evidence-based decisions; Q7, health care system in my country should have its own program of research about clinical effectiveness. Responses to questions about attitude toward EBM were on a 5-point Likert scale, ranging from 1 (strongly agree) to 5 (strongly disagree). sizes for these domains were 0.53 and 0.54, respectively. However, the domains of knowledge and learning materials; learner support; institutional focus on EBM; education, training, and supervision; and affirmation of EBM environment did not improve.
COMMENT
In LMICs, a specialty-specific clinically integrated e-learning EBM course incorporating an evidence library in the local language was more effective in improving knowledge, skills, and some aspects of the educational environment than a control course of similar aim and content. The size of educational effect was large for knowledge and moderate for skills and 2 domains of educational environment. To our knowledge, this is the first time such an effect has been shown in a randomized trial. The study adhered to guidelines for reporting of cluster randomized controlled trials (RCTs). 21 This design is particularly suitable for evaluation of educational interventions delivered to health professionals because it is designed to generate balanced groups at baseline and to avoid biases and imprecision attributable to contamination, which tends to deviate findings toward a null effect, reducing the power to detect significant differences. [22] [23] [24] On the other hand, because of the inherent similarity between participants within a teaching unit, randomization by clusters requires a large number of teaching units.
Evaluation of educational interventions in EBM may capture a range of outcomes, from rates of course completion to improvement in patient outcomes, taking into account the types of participants and interventions. 15, 25, 26 We focused our study on demonstrating improvements in knowledge, skills, and educational environment. Training in EBM should reinforce the perception that it is of value to professional conduct. 27 A favorable atmosphere in the workplace can facilitate changes in behavior and clinical outcomes following EBM training. There were few existing tools to assess educational environment in general [28] [29] [30] [31] and none that captured EBMrelated environments. We therefore developed a tool to measure this and demonstrated that changes in knowledge and skills were associated with improve- Horizontal bars in boxes indicate medians; boxes, interquartile ranges; whiskers, range excluding outliers. ments in some domains of educational environment. We did not assess whether these improvements changed patient care; this is a study limitation. Cluster RCTs are not without limitations. Clusters are usually randomized all at once rather than one at a time, and entire clusters may drop out after randomization. In our study, there was loss of clusters attributable to technical difficulties, such as interrupted or limited Internet connection; irregular library or computer access; unwillingness to participate; and lack of protected time for the participants to take part because of service load, all of which have implications for generalizability of our findings. Because we had not performed a priori adjustments for anticipated loss of clusters and participants in our original sample-size estimation, study power was reduced and the possibility of type II error was increased. However, because we set the sample size assuming a moderate rather than large effect size such as was observed, the power was preserved at least in part. Moreover, in the face of significant results for the primary outcomes, loss of power is less critical.
In addition, the drop out of training units was not differentially excessive in the experimental intervention group vs the control group. After randomization, participants within the clusters could decline when approached for consent, which could result in a selection bias. However, the comparison of baseline knowledge scores between dropouts and completers showed no difference. Although the numbers of participants in comparison groups were dissimilar in our study, we had taken measures to prevent knowledge of group allocation among unit heads. The measured baseline characteristics of experimental and control groups were similar, or a difference (in the case of sex) did not alter the main conclusion in an adjusted analysis, reducing the likelihood of confounding. In real-time implementation, some of the limits that we enforced for completing the multiple-choice questions and the modules for research purposes will not be needed or may be implemented in a more flexible way.
An earlier educational intervention using the RHL to improve obstetric practices was not found effective in improving clinician behavior. 32 In this trial we focused on end points more directly linked to the educational intervention. We found that e-learning made on-the-job teaching of EBM feasible and effective in improving self-reported workplace culture. In low-resource areas where EBM expertise is lacking, teacher training would need to be considered when planning wide dissemination of this electronic EBM-RHL package, which could be achieved through e-learning courses. 33 Another limitation of our study is that we did not measure decay of knowledge. However, the e-learning modules viewed, reviewed, stopped, restarted, and completed during our study can be revisited any time at participants' convenience and at their own pace for a refresher whenever required after the course. Although this makes e-learning potentially a costeffective alternative to face-to-face teaching, contextual factors may interfere with the effectiveness of this clinically integrated course, particularly in settings with limited resources.
One criticism of this study may be that the observed effects were the result of facilitation by tutors rather than the elearning course. Our starting premise was that teaching EBM is more likely to be successful when it is culturally embedded and that this is best achieved by onthe-job training. Allocation was concealed, so randomization should have led to balance in tutor competence. The elearning course complemented EBM teaching in the workplace, and our study assessed the value added by e-learning to EBM teaching offered by tutors. Because we selected units for the study that already provided EBM teaching, it is not surprising that trainees in both groups showed positive baseline attitudes toward EBM. We had taken measures to keep facilitators and participants unaware of their group allocation to minimize the risk of performance bias. The inherent awareness of and motivation toward EBM among participating units may have contributed to improvements in the control group. However, because the experimental intervention resulted in better performance than the control intervention, the conclusion that elearning contributed to improved performance merits consideration.
We conclude that in a group of LMICs, an e-learning EBM curriculum in reproductive health, compared with a selfdirected EBM course, resulted in higher knowledge and skill scores. The associated improvements in educational environment suggest that EBM principles that are learned may become culturally embedded in the workplace.
